Veryhachium morphotypes means that they should be used with caution for long-distance correlation.
Introduction
Microfossils are recognized as outstanding tools for high-resolution biostratigraphy (e.g., Gregory et al. 2006) . Among the marine palynological microfossils, several groups have been used, including the cysts of dinoflagellates in the Mesozoic and Cenozoic and the acritarchs and chitinozoans in the Palaeozoic (e.g., Jansonius and McGregor 1996) . The last is now considered to be one of the major groups for Ordovician and Silurian biostratigraphy, together with the graptolites and conodonts (e.g. Verniers et al. 1995; Webby et al. 2004 ).
Acritarchs also contribute to international biostratigraphical correlations, although some morphotypes make better stratigraphical index fossils than others. Recent studies, for example, have demonstrated the usefulness of Ordovician acritarchs for correlation of sedimentary sequences at the base of the Floian Stage ) and at the LowerMiddle Ordovician series boundary (Li et al. 2010) .
Veryhachium is one of the most frequently recorded acritarch genera. Servais et al. (2007) showed that the genus first appeared in the early Tremadocian and thus served to distinguish Ordovician from Cambrian rocks.
Closer investigation, however, also shows that different species (or morphotypes) of Veryhachium have diachronous and successive first appearances, starting with first occurrences near the South Pole in the Early Ordovician, leading to a subsequent broader distribution towards the north during the Middle and Late Ordovician. This paper illustrates the palaeobiogeographical spread of Veryhachium and discusses its impact for biostratigraphical analyses.
First appearance data of Veryhachium morphotypes Veryhachium was originally described by Deunff (1954) from the Ordovician of Britanny, western France. Over 250 species and subspecies have been recorded from the Ordovician to the Oligocene (Fensome et al. 1990) , and the genus is generally widespread throughout its stratigraphical range. It can be found in marine facies from onshore to relatively deep marine settings, and can be abundant depending on stratigraphical position and palaeogeographical location. Veryhachium and related forms (veryhachid acritarchs) comprise 50% or more of specimens, for example, in Late Ordovician assemblages from Algeria (Paris et al. 2000) and Saudi Arabia (Miller and Al Ruwaili 2007) . Given its long stratigraphical range and simple morphology, Veryhachium might be polyphyletic.
Species usually have polygonal vesicles with a few, simple, undivided, distally tapering and proximally open processes or spines that lie in a single plane. Morphotypes include triangular, rectangular or polygonal vesicles with three, four, or five and more processes respectively. Servais et al. (2007) proposed a simple classification scheme in which all triangular specimens are attributed to the Veryhachium trispinosum group and all rectangular specimens to the Veryhachium lairdii group. In order to classify the numerous morphotypes of the Micrhystridium/Veryhachium complex in the Permian, Lei et al. (2013) extended this approach and proposed a further informal group to include all Veryhachium morphotypes with ellipsoidal central body outlines, the Veryhachium cylindricum group.
Veryhachium has its first occurrence in the Early Ordovician. Upper Cambrian forms previously attributed to the genus as Veryhachium dumontii are now interpreted as diacromorph acritarchs and are placed in the genus Ninadiacrodium Raevskaya & Servais, 2009 . In addition, Servais et al. (2007) considered a number of other Cambrian forms that had been assigned previously to Veryhachium, and concluded that none of them should be included the genus according to the emended diagnosis of Turner (1984) . Among them is Veryhachium minutum Downie, 1958 , which was transferred to the genus Dorsennidium Wicander, 1974, by Sarjeant and Stancliffe (1994) . Dorsennidium minutum was reported as often having six processes (Downie 1958) , although the diagnosis states four or six. However, specimens of D. minutum with four processes, all lying in the same plane as a rectangular vesicle and one arising from each corner, would resemble specimens of the Veryhachium lairdii group, albeit with much smaller vesicle dimensions. These were stated to range from 3µm to 15µm in the original diagnosis (Downie 1958) . The absence of Veryhachium from the Cambrian is of biostratigraphical significance because this means that its occurrence in palynological assemblages indicates an Ordovician or younger age. The
Veryhachium lairdii group appears before the Veryhachium trispinosum group in the fossil record. Elsewhere in North Africa, Combaz (1968) and Jardiné et al. (1974) In addition to the Lake District record, the Veryhachium lairdii group has been recorded from messaoudensis-trifidum acritarch assemblages of south Wales, southern Ireland, Spain, Belgium, and the Czech Republic (for complete references see Molyneux et al. 2007 and Servais et al. 2007 ). In At lower palaeolatitudes on the Gondwanan margin, for example in South China and Argentina, the first occurrence of the Veryhachium lairdii group is apparently in the lowermost Floian or higher ). In South China, the first occurrence of rectangular Veryhachium specimens is in the T. approximatus graptolite Biozone (Yan et al. 2011) , equivalent to the lower part of Stage Slice Fl1. There is, for example, no record of the Veryhachium lairdii group in late Tremadocian acritarch assemblages from South China (Wang et al. 2013) . In Argentina, de la Puente & Rubinstein (2013) Achab et al. (2006) , in the periGondwanan volcanic arc of the Famatina System in north-west Argentina, and earlier by Ottone et al. (1992) and Rubinstein et al. (1999) The palaeogeographical spreading of Veryhachium morphotypes Plotted on a palaeogeographical reconstruction (Fig. 1) , the first appearances of Veryhachium suggest that the genus spread from high to low palaeolatitudes over an extended period through the Ordovician. During the Tremadocian (earliest Ordovician), the Veryhachium lairdii and V. trispinosum groups were only present at high southern palaeolatitudes ( 
Conclusion -implication for biostratigraphy
The relatively slow expansion of Veryhachium over some 20 million years, from a regional distribution at high palaeolatitudes in the early-middle Tremadocian to a cosmopolitan distribution in the Late Ordovician, introduces a note of caution for the use of the genus in biostratigraphical correlations. Although of great importance for regional stratigraphical correlations in the earliest Ordovician, intercontinental correlations using the genus need to take account of this apparently slow increase in biogeographical range through later Ordovician times.
